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In the title compound, C 16 H 20 N 2 S, a potential tetrahydro- 
isoquinoline (TIQ) thiazole ligand, the N-containing six- 
membered ring of the TIQ unit adopts a half-chair conforma- 
tion. There are four molecules in the asymmetric unit. No 
classical hydrogen bonds or tt-tc interactions were found in 
the crystal structure. 

Related literature 

For reactions associated with tetrahydroisoquinoline ligands, 
see: Chakka et al. (2010); Naicker et al (2010); Kawthekar et 
al. (2010); Peters et al. (2010); Pawar et al. (2012). For related 
structures, see: Aubry et al. (2006); Naicker et al. (2011a,£>); 
Pawar et al. (2011). 




Experimental 

Crystal data 
Cir,H 2 oN 2 S 

m, = m.Aa 

Monoclinic, P2, 
a = 10.0534 (9) A 
b = 13.0076 (12) A 



fi, = 0.20 mm 
T = 173 K 

Data collection 

Bruker Kappa DUO APEXII 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2006) 
T min = 0.965, r maI = 0.984 

Refinement 

R[F 2 > 2a(F 2 )] = 0.092 
wR(F 2 ) = 0.299 
5 = 1.04 

15130 reflections 
710 parameters 
5 restraints 



0.18 x 0.16 x 0.08 mm 



39811 measured reflections 
15130 independent reflections 
12021 reflections with / > 2cr(/) 
R iM = 0.035 
Standard reflections: ? 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/£W = 0.99 e A~ 3 

Aa™ = -0.76 e A" 3 

Absolute structure: Flack (1983), 
7172 Friedel pairs 

Flack parameter: 0.04 (13) 



c = 23.808 (2) A 
P = 102.076 (1)° 
V = 3044.5 (5) A 3 
Z = 8 

Mo Ka radiation 



Data collection: SAINT (Bruker, 2006); cell refinement: SAINT; 
data reduction: SAINT; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX2 (Dolo- 
manov et al, 2009); software used to prepare material for publication: 
SHELXL97. 

The authors thank Dr Hong Su of the University of Cape- 
town for the data collection and structure refinement. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GW2121). 
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(S)-4-ferf-Butyl-2-(1,2,3,4-tetrahydroisoquinolin-3-yl)-1,3-thiazole 
Sunayna Pawar, Thavendran Govender, Hendrik G. Kruger and Glenn E. M. Maguire 
Comment 

We have recently reported a range of tetrahydroisoquinoline (TIQ) structures that have been employed as ligands for 
catalysis of a number of reactions, Chakka et ah 2010, Naicker et ah, 2010, Kawthekar et ah, 2010 and Peters et ah, 
2010. The title compound is from a new family of TIQ thiazole derivatives that we have tested for catalytic activity in the 
Henry reaction, (Pawar et ah, 2012). 

The absolute stereochemistry was confirmed to be S at the C9 position from two-dimensional NMR spectroscopy 
experiments (Aubry et ah, 2006), (Fig. 1). From the crystal structure it is evident that the A'-containing six membered ring 
assumes a half chair conformation [Q = 0.493 (6) A, 6 = 49.5 (7)° and (p = 322.8 (9)°]. This is similar to our previously 
reported structures which also assume this conformation (Naicker et ah, 2Q\\a,b and Pawar et al. 201 1). The torsion 
angle for C 1 A — N 1 A — C9A — C 1 OA is -170.1 (5)°; C1B— NIB— C9B— C10B is -173.4 (5)°; C1C— NIC— C9C— C10C 
is -170.5 (5)° and C1D— N1D— C9D— C10D is -169.1 (5)°. For the plain formed by the atoms CI— C2— C7— C8— C9 
— Nl the maximum displacement from planarity for N1A is 0.446 A and for C9A 0.299 A; NIB is 0.384 A and for C9B 
0.296 A; NIC is 0.427 A and for C9C 0.258 A and N1D is 0.286 A and for C9D 0.473 A. There are no hydrogen bonding 
or ir-n interactions in the crystal lattice. 

Experimental 

The ^-protected thiazole (3 mmol) was dissolved in THF (15 ml), to this 12 MHC1 (15 ml) was added slowly and the 
reaction mixture was stirred at room temperature for 2 h. The reaction was monitored by TLC using EtOAc/Hexane 
(20:80, R f = 0.5). After this time the THF was evaporated under vacuum. Aqueous saturated NaHCC>3 solution, was then 
slowly poured into the mixture which was then extracted with CH2CI2 (3 x 30 ml). The combined organic layers waere 
dried over MgSC>4. The solvent was then evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel (deactivated with 5% Et 3 N) with Et 3 N/EtOAc/Hexane (5/8/100) as the eluent to afford the 
TIQ thiazole as a yellow solid (0.27 g, yield 95%). 

Recrystallization from mixture of hexane and dichloromethane at room temperature afforded colourless crystals suitable 
for X-ray analysis. 

Refinement 

The crystal was twinned. When the structure was attempted to be refined with a P21/c space group the R factor rose to 
20%. All hydrogen atoms, except HI A, H1B, H1C and HID, were positioned geometrically with C — H distances ranging 
from 0.95 A to 0.99 A and refined as riding on their parent atoms with U ls „ (H) =1.2-1.5 U eq (C). The positions of H1A, 
H1B, H1C and HID were located in difference electron density maps and refined with bond length constraints [d(N — H) 
= 0.97 (2) A] and = 1.5 U eq (N). 
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Computing details 

Data collection: SAINT (Broker, 2006); cell refinement: SAINT (Bruker, 2006); data reduction: SAINT (Bruker, 2006); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: OLEX2 (Dolomanov et ah, 2009); software used to prepare material for 
publication: SHELXL97 (Sheldrick, 2008). 

S1A 



C11A 



N1A 



C16A 




C13A 



C3A 



C4A 



C6A 



C5A 



Figure 1 

The crystal structure of the title compound with atomic numbering. Displacement ellipsoids are drawn at 50% 
probability. 



(S)-4-ferf-Butyl-2-(1 ,2,3,4-tetrahydroisoquinolin-3-yl)- 1 ,3-thiazole 



Crystal data 

C16H20N2S 
M r = 212 AO 
Monoclinic, P2\ 
a = 10.0534(9) A 
b= 13.0076 (12) A 
c = 23.808 (2) A 
£=102.076(1)° 
V= 3044.5 (5) A 3 
Z=8 

Data collection 

Bruker Kappa DUO APEXII 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
0.5° <p scans and to scans 
Absorption correction: multi-scan 

(SADABS; Bruker, 2006) 
r mm = 0.965, T max = 0.984 



F(000)= 1168 

D x = 1.189 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 39811 reflections 

6= 1.6-28.4° 

H = 0.20 mm 1 

T= 173 K 

Block, colourless 

0.18 x 0.16 x 0.08 mm 



39811 measured reflections 
15130 independent reflections 
12021 reflections with/> 2a(I) 
R mt = 0.035 

#max = 28.4°, 9 min = 1.6° 



h = -13^13 
)fc= -17^17 
/ = -31-^31 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F- > 2a(F 2 )] = 0.092 
wR{F*) = 0.299 
S = 1.04 

15130 reflections 
710 parameters 
5 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/KiV) + (0.1 93P) 2 + 3.4647P] 

where P = (F 2 + 2F 2 )/3 
(A/o)^ 0.001 
A/w = 0.99 e A 3 
A/w = -0.76 e A" 3 

Absolute structure: Flack (1983), 7172 Friedel 
pairs 

Flack parameter: 0.04 (13) 



Special details 

Experimental. Half sphere of data collected using the Broker SAINT software package. Crystal to detector distance = 30 
mm; combination of <p and co scans of 0.5°, 30 s per °, 2 iterations. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 1 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^iso ' ^eq 


S1A 


0.09853 (14) 


0.61309(11) 


0.11586 (7) 


0.0419 (3) 


N1A 


0.3267 (5) 


0.6150(4) 


0.2152 (2) 


0.0378 (10) 


H1A 


0.264 (6) 


0.604 (7) 


0.240 (3) 


0.057* 


N2A 


0.1638 (5) 


0.4234 (3) 


0.11006(19) 


0.0329 (9) 


CIA 


0.4608 (7) 


0.6376 (5) 


0.2515(3) 


0.0489 (15) 


H1A1 


0.4494 


0.6893 


0.2806 


0.059* 


H1A2 


0.5193 


0.6683 


0.2273 


0.059* 


C2A 


0.5322 (6) 


0.5450 (5) 


0.2818 (2) 


0.0422(13) 


C3A 


0.6510(7) 


0.5576 (7) 


0.3254 (3) 


0.0562(18) 


H3A 


0.6837 


0.6248 


0.3361 


0.067* 


C4A 


0.7189 (8) 


0.4742 (8) 


0.3521 (3) 


0.068 (2) 


H4A 


0.7985 


0.4846 


0.3810 


0.082* 


C5A 


0.6754 (7) 


0.3759 (7) 


0.3382 (3) 


0.0571 (18) 


H5A 


0.7231 


0.3191 


0.3580 


0.068* 


C6A 


0.5607 (6) 


0.3594 (5) 


0.2949 (3) 


0.0449 (14) 


H6A 


0.5309 


0.2914 


0.2845 


0.054* 


C7A 


0.4889 (6) 


0.4442 (5) 


0.2665 (2) 


0.0367 (11) 


C8A 


0.3660 (5) 


0.4250 (4) 


0.2192 (2) 


0.0333 (10) 


H8A1 


0.2868 


0.4079 


0.2360 


0.040* 


H8A2 


0.3837 


0.3661 


0.1954 


0.040* 


C9A 


0.3349 (5) 


0.5207 (4) 


0.1816(2) 


0.0280 (9) 


H9A 


0.4107 


0.5299 


0.1608 


0.034* 
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C1UA 


0.2059 (j) 


A CAO/T //l\ 

0.5086 (4) 


0.13 /o (2J 


0.02 /8 (V) 


C11A 


-0.0054 (6) 


A C ") /I /" /C\ 

0.5346 (5) 


0.0667 (3) 


f\ f\ A ^ A /11\ 

0.0424 (13) 


T T 1 1 A 

H11A 


-0.0869 


A C C /" 1 

0.5561 


A A A 1 C 

0.0415 


A AC 1 sk 

0.051* 


C12A 


f\ f\ A f A /C\ 

0.0464 (5) 


A A 1 1 A S A\ 

0.4374 (4) 


A A/" A 1 /1\ 

0.0691 (2) 


A Al C 1 /I 1\ 

0.0351 (ll) 


CI jA 


A CiftHH /CA 
— O.UU/ / (5) 


A 1 A HCi /C\ 

0.34 /9 (5) 


A A1 1 C /I \ 

0.0315 (3) 


A A/1 Al ( 1 '")\ 

0.0403 (12) 


C14A 


-0.0372 (s) 


0.2563 (6) 


A A f~ A C \ 

0.0695 (3) 


A ACA1 /1 0\ 

0.0591 (18) 


T T 1 A A 

H14A 


A A/1 1 /I 

0.0414 


0.2457 


A 1 A 1 1 

0.1011 


A AOAik 

0.089* 


H14B 


-0.0538 


0.1938 


0.0461 


A AO A ik 

0.089* 


T-T1 AC 

H14C 


a i i -7/: 

— U.ll /6 


A 171 1 
(J.Z /Zl 


A AOO 
U.U03Z 


a ncn* 
U.U89 


C15A 


A 1 A ") C /T\ 

0.1035 (7) 


0.3142 (6) 


A AAA1 /")\ 

0.0002 (3) 


A AC/IT /I H\ 

0.0547 (17) 


T T 1 C A 

H15A 


A 1 I C /" 

0.1256 


0.3713 


A A1 O 1 

-0.023 1 


A AOI rfs 

0.082* 


H15B 


0.0710 


0.2555 


A A1 /I O 

-0.0248 


A AOlik 

0.082* 


Hi 5t 


A i ocn 
U.183U 


A OA/1 1 

u.zy4i 


A AO 0/1 

0.0Z84 


A AO* 

0.08z^ 


C16A 


— U.1361 (8) 


0.3 / /z (8) 


A A 1 1 O 

—0.0118 (4) 


a mo /o\ 
0.0 /2 (2) 


Til C A 

H16A 


a ^ a 1 c 

-0.2015 


A /I AO C 

0.4085 


A AAO A 

0.0084 


A 1 ATsk 

0.107* 


H16B 


—0.1 /62 


A 1 1 C£ 

0.3 156 


A AT n 

—0.0322 


A 1 AT* 

0. 10 /* 


i_ri 

H16C 


n i i ii 

— 0.1 13z 


U.4266 


A AIO/1 

— 0.03V4 


A 1 AT* 
0. 10 


SIB 


A /"A/'/'/l /1 C\ 

0.60664 (15) 


0.34925 (11) 


A 1 1 AOA 

0.11989 (6) 


A A /I AA /l \ 

0.0400 (3) 


NIB 


0.8906 (6) 


0.3639 (4) 


0.2019 (2) 


0.0462 (12) 


H1B 


A A A A /T\ 
0.940 (/J 


A 1 OA f7\ 
0.380 (/) 


A 1 *7 1 /I A 
0.1/1 (3) 


A A/CA* 

0.069* 


JNzd 


a /fro/; /c\ 
0.O586 (5 J 


A CA i r ( A\ 

0.5416 (4J 


0. Izlo (zj 


A nin A ( 1 A 1 * 
0.03 /4 (10J 


C1B 


0.9826 (6) 


A ") /I O 1 /f \ 

0.3481 (5) 


0.2572 (3) 


A A/11 A / I 1\ 

0.0439 (13) 


H1B1 


1 AC CO 

1.0552 


A 1 AAA 

0.3000 


A O C 1 A 

0.2519 


A AC 1 * 

0.053* 


H1B2 


0.9313 


0.3148 


0.2835 


A AO* 

0.053* 


Czr> 


1 A/m (£\ 
I.V4/2 (6) 


U.4433 (j) 


U.z8j1 (2) 


U.U364 (11) 


C3B 


1 .1645 (7) 


A yl 1 "7 A 

0.4370 (6) 


0.3293 (3) 


A AC1A 

0.0519 (16) 


T Tl T> 

H3B 


1 inn 
1 .20 1 J 


0.3716 


A 'J A 1 O 

0.3418 


0.062* 


L4B 


1.2274 (7) 


A CI £ C ZO\ 

0.5265 (8) 


A ~i C C 1 /I \ 

0.3551 (3) 


0.062 (2) 


TT/ID 

H4B 


1.30/4 


O.jzzO 


A TO/l/l 

0.3844 


a f\n a * 
0.0 /4* 


C5B 


1 1 Tin /o\ 

1.1729 (8) 


0.6196 (7) 


All "7*7 /l \ 

0.3377 (3) 


A t\£L 1 1 / 1 A\ 

0.0611 (19) 


H5B 


1.2160 


0.6799 


0.3553 


A AH ") sk 

0.073* 


/" i /■ r"> 

C6B 


1 ACCA /T\ 

1.0559 (7) 


A f l ~SC\/~ /C\ 

0.6296 (5) 


A 1 AC A /") \ 

0.2950 (3) 


A A/nO /1 A\ 

0.0478 (14) 


Hot) 


1 A1 OC 

1.U185 


U.695 J 


A OO/l 1 

0.Z841 


A ACT* 


C7B 


A A A ") A /f \ 

0.9939 (5) 


A C A CXI i A \ 

0.5401 (4) 


0.2681 (2) 


A Al /I ") /I 1 \ 

0.0343 (11) 


POD 

C8B 


U.8/11 (6) 


A CC1 C 1 A\ 

U.3M5 (4) 


U.22U4 (z) 


AATT/l /I 1 \ 

U.U3 /4 (11) 


t ion i 

H8B1 


A OAA/1 

U.8994 


A COAT 


A 1 0£0 

U.186Z 


A Ayl C* 

U.U45 


H8B2 


0.8071 


0.6006 


a n n 

0.2323 


0.045* 


C9B 


A TAO /I 

U. /984 (6) 


A A AC\H { A\ 

U.449 / (4) 


A O A/l "5 /"3 \ 

U. 21)43 (3) 


A AT AA ( 1 0\ 

U.U39U (12) 


t inn 
H9B 


A T A O 1 
U. /481 


A A 1 1 1 

U.4333 


U.2332 


A A/1 

U.U4 /* 


C10B 


A £AT ^ 

U.6936 (j) 


A AZH1 i A \ 

U.4D 15 (4) 


A 1 A A 1 ZO\ 

U.1491 (2) 


a at /i /i i\ 
U.U346 (11) 


cub 


0.5115 (6) 


A il^lO /C\ 

0.4238 (5) 


A A O O /l \ 

0.0688 (3) 


A A^1A /11\ 

0.0420 (12) 


hub 


0.4397 


A 1 AO! 

0.3987 


0.0395 


A A C A * 

0.050* 


C12B 


A CCAA /C\ 

0.5500 (5) 


a cnn / a\ 

0.5239 (4) 


A A"7 A C /IN 

0.0745 (2) 


A Al 1 ") / 1 A\ 

0.0313 (10) 


CUB 


U.49/3 (5) 


A a 1 A c /c\ 
U.6143 (3) 


U.U36U (3) 


AA/1A1 

U.U4U1 (12) 


C14B 


0.6112 (7) 


0.6504 (6) 


0.0065 (3) 


0.0520(17) 


H14D 


0.5775 


0.7064 


-0.0203 


0.078* 


H14E 


0.6402 


0.5929 


-0.0147 


0.078* 


H14F 


0.6886 


0.6748 


0.0355 


0.078* 


C15B 


0.3705 (7) 


0.5821 (7) 


-0.0092 (4) 


0.064 (2) 
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t t 1 f r\ 

H15D 


0.2956 


0.5670 


A A 1 A 1 

0.0101 


A AH7* 

0.097* 


H15E 


0.3917 
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-0.0295 


A AAH sk 
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H151 1 


A i a 1 n 

U.3439 
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A TAn ( C\ 
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H16D 
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U.4425 
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A A /I O C 

U.U455 


A AT7* 
0.0/ /* 


Hi 6b 


U.5356 


0. / 158 


A 1 A A A 


A AT7* 
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i_ri £17 
Hi or 


0.3 /»3 


U.6852 


U.Us63 


A AT7* 

u.u/ r 


SIC 


A /I A rt A 1 / 1 ON 

0.49001 (18) 


1 1 O /1 1 \ 

1.13218 (11) 


A n HAT/ / -7 \ 

0.37976 (7) 


A A/I f 1 //IN 

0.0457 (4) 


XT 1 C ' 

NIC 


a zr a /i n /ztn 

0.6940 (6) 


1 1111 / A\ 

1.1111 (4) 


a inni /on 
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Geometric parameters (A, ") 
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-C11A 


1.731 (6) 




SIC— cue 




1.715 (6) 


S1A— 


CI OA 


1.745 (5) 




SIC— C10C 




1.722 (6) 


MA- 


-CIA 


1.470 (7) 




NIC— C9C 




1.433 (8) 


NIA— 


-C9A 


1.476 (6) 




NIC— CIC 




1.434 (8) 


N1A— 


-H1A 


0.97 (2) 




NIC— H1C 




0.96 (2) 


N2A- 


-CI OA 


1.312(6) 




N2C— C10C 




1.301 (8) 


N2A- 


-C12A 


1.376 (7) 
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1.377 (7) 


C1A- 


-C2A 


1.507 (9) 




CIC— C2C 




1.515 (9) 


C1A- 
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1.376 (13) 
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0.9500 
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0.9500 
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1.0000 


C11A- 


-C12A 


1.364 (9) 




C11C— C12C 




1.349 (8) 


C11A- 


-H11A 
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C16B— H16D 0.9800 

C16B— H16E 0.9800 

C16B— H16F 0.9800 

C11A— S1A— C10A 89.4(3) 

CIA— N1A— C9A 109.7 (4) 

CIA— N1A— H1A 108 (4) 

C9A— N1A— H1A 109(5) 

CI OA — N2A — C12A 112.5 (4) 

N1A— CIA— C2A 114.1(5) 

N1A— CIA— H1A1 108.7 

C2A— CIA— H1A1 108.7 

N1A— CIA— H1A2 108.7 

C2A— CIA— H1A2 108.7 

H1A1— CIA— H1A2 107.6 

C7A— C2A— C3A 117.8(6) 

C7A— C2A— CIA 122.0(5) 

C3A— C2A— CIA 120.1 (6) 

C4A— C3A— C2A 120.7 (7) 

C4A— C3A— H3A 119.6 

C2A— C3A— H3A 119.6 

C3A— C4A— C5A 121.7(7) 

C3A— C4A— H4A 119.1 

C5A— C4A— H4A 119.1 

C4A— C5A— C6A 119.7(7) 

C4A— C5A— H5A 120.2 
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C2A— C7A— C8A— C9A 19.0 (7) 

C6A— C7A— C8A— C9A -160.6 (5) 

CIA— N1A— C9A— C10A -170.1(5) 

CIA— N1A— C9A— C8A 65.3 (6) 

C7A— C8A— C9A— Nl A -5 1 .2 (6) 

C7A — C8 A — C9A — C 1 OA -174.5 (4) 

C 1 2A — N2 A — C 1 OA — C9A -175.5 (5) 

C 1 2 A— N2 A— C 1 0 A— S 1 A 1.8(6) 

N 1 A — C9 A — C 1 OA — N2 A -162.6(5) 

C8A— C9A— C10A— N2A -37.2 (7) 

N 1 A — C9 A — C 1 OA — S 1 A 20.4(6) 

C8A — C9A — C10A — SI A 145.7(4) 

C11A — SI A — C10A — N2A -0.6(4) 

C11A — SI A — C10A — C9A 176.8(4) 

C10A— S1A— C11A— C12A -0.7(5) 

S1A— C11A— C12A— N2A 1.8(7) 

S1A— C11A— C12A— C13A -176.1(5) 

C 1 OA — N2 A — C 1 2 A — C 1 1 A -2.4(7) 

C 1 OA— N2 A— C 1 2A— C 1 3 A 1 75 . 8 (5) 

C11A— C12A— C13A— C16A -1.2(9) 

N2A — C 1 2 A — C 1 3 A — C 1 6A -179.1 (6) 

C11A— C12A— C13A— C15A 119.5(7) 

N2A— C12A— C13A— C15A -58.4(7) 

C11A— C12A— C13A— C14A -123.3 (7) 

N2A — C 1 2 A — C 1 3 A — C 1 4A 58.8 (7) 

C9B— NIB— C1B— C2B -46.4(8) 

NIB— C1B— C2B— C7B 17.8 (8) 

NIB— C1B— C2B— C3B -161.9(6) 

C7B— C2B— C3B— C4B -0.9 (9) 



C13D— C16D— H16K 109.5 

H16J— C16D— H16K 109.5 

C13D— C16D— H16L 109.5 

H16J— C16D— H16L 109.5 

H16K— C16D— H16L 109.5 

C9C— NIC— C1C— C2C -49.9(8) 

NIC— C1C— C2C— C7C 20.6 (9) 

NIC— C1C— C2C— C3C -159.2 (6) 

C7C— C2C— C3C— C4C 0.3 (10) 

C1C— C2C— C3C— C4C -179.9 (7) 

C2C— C3C— C4C— C5C -0.1(11) 

C3C— C4C— C5C— C6C 0.6 (12) 

C4C— C5C— C6C— C7C -1.3(11) 

C3C— C2C— C7C— C6C -0.9 (9) 

C1C— C2C— C7C— C6C 179.2 (6) 

C3C— C2C— C7C— C8C 178.0 (6) 

C1C— C2C— C7C— C8C "1-8(9) 

C5C— C6C— C7C— C2C 1.5(10) 

C5C— C6C— C7C— C8C -177.5 (6) 

C2C— C7C— C8C— C9C 12.1 (8) 

C6C— C7C— C8C— C9C -169.0 (6) 

C1C— NIC— C9C— C10C -170.5(6) 

C1C— NIC— C9C— C8C 62.1 (8) 

C7C— C8C— C9C— NIC -42.2 (7) 

C7C— C8C— C9C— C10C -168.4 (5) 

C12C— N2C— C10C— C9C -176.4 (5) 

C12C— N2C— C10C— SIC 0.7 (6) 

NIC— C9C— C10C— N2C -132.1 (6) 

C8C— C9C— C10C— N2C -3.8 (9) 

NIC— C9C— C10C— SIC 51.0(7) 

C8C— C9C— C10C— SIC 179.2(4) 

C11C— SIC— C10C— N2C -1.6(5) 

cue— sic— cioc— C9C 175.7(5) 

cioc— sic— cue— ci2c 2.1(5) 

SIC— C11C— C12C— N2C -2.2(7) 

SIC— C11C— C12C— C13C 177.0(4) 

CIOC— N2C— C12C— C11C l.O (7) 

CIOC— N2C— C12C— C13C -178.2 (5) 

C11C— C12C— C13C— CMC 129.0(7) 

N2C— C12C— C13C— CMC -51.9(7) 

C11C— C12C— C13C— C15C -110.6(7) 

N2C— C12C— CDC— C15C 68.5 (7) 

C11C— C12C— C13C— C16C 8.5(9) 

N2C— C12C— C13C— C16C -172.4(6) 

C9D— N1D— C1D— C2D -44.6 (7) 

N1D— C1D— C2D— C7D 11.4(8) 

N1D— C1D— C2D— C3D -168.6 (6) 

C7D— C2D— C3D— C4D -1.0(10) 
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C1B— C2B— C3B— C4B 178.8 (6) 

C2B — C3B — C4B — C5B 1 . 1 ( 1 1 ) 

C3B— C4B— C5B— C6B 0.0 (12) 

C4B— C5B— C6B— C7B -1.4(11) 

C3B— C2B— C7B— C6B -0.4 (8) 

C1B— C2B— C7B— C6B 179.9(6) 

C3B— C2B— C7B— C8B 178.6 (5) 

C1B— C2B— C7B— C8B "1-2(8) 

C5B — C6B — C7B — C2B 1.5(9) 

C5B— C6B— C7B— C8B -177.5 (6) 

C2B— C7B— C8B— C9B 13.0 (8) 

C6B— C7B— C8B— C9B -168.0 (5) 

C1B— NIB— C9B— CI OB -173.3 (5) 

C1B— NIB— C9B— C8B 59.8 (7) 

C7B— C8B— C9B— NIB -42.3 (7) 

C7B— C8B— C9B— C10B -168.3(5) 

C12B— N2B— C10B— C9B -174.8 (5) 

C12B— N2B— C10B— SIB 2.9(6) 

NIB— C9B— C10B— N2B -134.5 (6) 

C8B — C9B — C 1 OB — N2B -6.8 (8) 

NIB— C9B— CI OB— SIB 48.0(6) 

C8B— C9B— C10B— SIB 175.6(4) 

CUB— SIB— C10B— N2B -2.6(5) 

CUB— SIB— CI OB— C9B 175.1 (5) 

C10B— SIB— CUB— C12B 1.5(5) 

SIB— CUB— C12B— N2B -0.3(7) 

SIB— CUB— C12B— C13B 176.0(4) 

C 1 OB— N2B— C 1 2B— C 1 1 B - 1 .6 (7) 

C10B— N2B— C12B— C13B -178.4 (5) 

CUB— C12B— C13B— C16B 129.8(6) 

N2B— C12B— C13B— C16B -54.0(6) 

CUB— C12B— C13B— C14B -111.6(7) 

N2B— C12B— C13B— C14B 64.5 (7) 

CUB— C12B— C13B— C15B 9.2(9) 

N2B— C12B— C13B— C15B -174.6 (6) 



C1D— C2D— C3D— C4D 179.0(6) 

C2D— C3D— C4D— C5D -0.6 (12) 

C3D— C4D— C5D— C6D 0.8 (12) 

C4D— C5D— C6D— C7D 0.6(11) 

C3D— C2D— C7D— C6D 2.3 (8) 

C1D— C2D— C7D— C6D -177.7 (5) 

C3D— C2D— C7D— C8D -178.5 (5) 

C1D— C2D— C7D— C8D 1.5(8) 

C5D— C6D— C7D— C2D -2.1 (9) 

C5D— C6D— C7D— C8D 178.7 (6) 

C2D— C7D— C8D— C9D 17.9 (7) 

C6D— C7D— C8D— C9D -163.0(5) 

C1D— N1D— C9D— C10D -169.1 (4) 

C1D— N1D— C9D— C8D 66.2 (6) 

C7D— C8D— C9D— N1D -51.7(6) 

C7D— C8D— C9D— C10D -174.3 (4) 

C12D— N2D— C10D— C9D -176.7 (5) 

C12D— N2D— C10D— SID 0.5 (6) 

N1D— C9D— C10D— N2D -163.7(5) 

C8D— C9D— C10D— N2D -39.7(7) 

N1D— C9D— C10D— SID 19.3 (6) 

C8D— C9D— C10D— SID 143.2(4) 

CUD— SID— C10D— N2D -0.2(5) 

CUD— SID— C10D— C9D 177.1 (4) 

C10D— SID— CUD— C12D -0.1 (5) 

SID— CUD— C12D— N2D 0.4(7) 

SID— CUD— C12D— C13D -176.5(5) 

C10D— N2D— C12D— CUD -0.6(7) 

C10D— N2D— C12D— C13D 176.6 (5) 

CUD— C12D— C13D— C14D -126.0(10) 

N2D— C12D— C13D— C14D 57.2(10) 

CUD— C12D— C13D— C16D -5.4(10) 

N2D— C12D— C13D— C16D 177.8(7) 

CUD — C12D — CI 3D — C15D 110.9(8) 

N2D — C 1 2D — C 1 3D — C 1 5D -65.9 (8) 
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